Tumours of the Spinal Canal
Dr R S C Couch (London)
Diagnosis
The usual classification of spinal tumours depends on the anatomical site of the tumour in relation to the cord and meninges. This is shown in Fig 1. Intramedullary tumours lie within the cord and widen it; nearly all are gliomas. Intradural tumours lie between the cord and the dura and are usually meningiomas or neurofibromas. Extradural tumours lie completely outside the dura and are usually metastatic deposits or some neurofibromas. Plain-film changes: There may be evidence of the tumour on the plain films which should always be taken before myelography, even in an emergency.
(1) Pressure of the expanding tumour may cause erosion of one or more pedicles or the backs of the vertebral bodies and it may thin the neural arches. This may result in an increase in the inter- pedicular distance. This type of change is particularly associated with intramedullary tumours. Elsberg & Dyke (1934) have charted the normal interpedicular distance at each level but instead of trying to remember the exact figures it is sufficient to realize that the pedicles are widest apart in the cervical region and gradually become closer together about the fourth thoracic level. They remain approximately the same distance apart in the thoracic region and then gradually become wider apart again in the lumbar region. The narrow canal in the thoracic spine means that tumours in this region are particularly liable to cause pressure erosion, which is shown by a sudden increase in the interpedicular distance.
(2) Extradural tumours often cause destruction of bone by invasion and may show as vertebral collapse. There may be an associated soft tissue mass. The pattern of bone involvement may give an indication of the pathologymyeloma usually causes a pure osteolytic lesion, sometimes with intradural. D, extradural expansion of a transverse process. Carcinomatous deposits may be mixed osteolytic and osteoblastic. A soft tissue mass around the vertebral body may be neurofibroma, myeloma, Hodgkin's disease or reticulosis.
(3) Intradural tumours may cause erosion of a single pedicle. Spinal meningiomas may calcify and this may be visible on the plain filmslocal coned views, however, may be necessary to show these changes.
(4) Neurofibromas may be intradural, extradural or both. They often enlarge the exit foramina and may show as a soft-tissue mass. Oblique views may be necessary to show the enlargement of the exit foramina.
(5) Some tumours may be associated with a bony congenital anomalyusually a spina bifida; these are usually lipomas or diffuse neurofibromas.
Myelography is usually necessary to make a diagnosis. The Myodil should lie in the subarachnoid space and will then demonstrate the shape of the theca and the size and position of the cord within it. It is mainly upon deformity of the normal shape of these two structures that a diagnosis is made. Fig 2 represents the myelographic appearances.
Normally the cord is seen as a central filling defect in the column of Myodil. In intramedullary tumours the cord is widened and the subarachnoid space narrowed, tapering the edges of the 0~~~~~1 0 0 0E 0 A B Myodil column. Intradural tumours displace the cord to one side, and the subarachnoid space on this side is widened. This widening of the subarachnoid space has been pointed out by Reid & Tutton (1953) . The tumour is outlined as a sharply demarcated filling defect. In extradural tumours the whole theca and cord are displaced with an increase in the distance between the Myodil and the body or pedicle. The subarachnoid space is narrowed and tapered.
In the cervical region intramedullary gliomas cause widening of the cord and narrowing of the subarachnoid space. Other lesions cause real or apparent widening of the cord, and may look like an intramedullary tumour. These are syringomyelia and cervical spondylosis, which must be considered in the differential diagnosis. In cervical spondylosis there is often an apparent expansion of the cord in the antero-posterior view. The lateral view will, however, show the true state of affairs with disc protrusion. Cervical spondylosis is common, and the possibility of an additional coexisting tumour may further complicate the problem.
The region of the first cervical vertebra is one of the classical sites for a meningioma. It usually shows as a sharply demarcated filling defect with displacement of the cord. This is an important area, and it must be emphasized that the cervical region has not been fully examined until the Myodil has entered the skull and run along the clivus. Another lesion which may simulate a first cervical meningioma is the Arnold Chiari malformation with the cerebellar tonsils extending into the cisterna magna and upper cervical theca. The main point in the differential diagnosis is that in the Arnold Chiari malformation the cervical nerve roots take origin lower in the cervical cord than normally, and run up to their respective exit foramina in the cervical spine. This is in contrast to the normal downward direction of the cervical nerve roots. Another differential point is that an Arnold Chiari malformation is often associated with a syrinx of the cervical cord.
In the thoracic region the canal is narrow in relation to the cord, and most space-occupying lesions giving rise to symptoms will produce a complete block, or at least a considerable holdup, to the flow of the Myodil. This is consoling for the radiologist, as the thoracic region is difficult to examine myelographically in the usual prone position. The Myodil tends to run rapidly over the thoracic convexity and it is often difficult to obtain satisfactory films. Screening in the supine position may be helpful as this creates a concavity in which the Myodil lies and allows time for the pictures to be taken.
The commonest intradural tumour in the thoracic region is a meningioma and as Bull (1953) has pointed out, this is nearly always found in middleaged women. These tumours produce the typical displacement of the cord with widening of the subarachnoid space.
Extradural tumours in the thoracic region often cause destruction of bone with vertebral collapse and a soft tissue mass. Myelographically the theca is displaced and the subarachnoid space narrowed. The possibility that an extradural lesion may be an abscess must be considered.
Arteriovenous malformations, although probably not truly neoplastic, must be considered. As elsewhere in the central nervous system, they are not space occupying. Myelographically they produce a typical serpigenous series of filling defects due to the tortuous vessels. Tortuous vessels are sometimes also seen associated with intramedullary gliomas and this should be suspected if the cord is widened.
Intram6dullary tumours cause widening of the pedicles and myelographically the cord is widened.
In the lumbar region the commonest spaceoccupying lesion is a protruded disc. The possibility of this must be considered in all extradural lesions. Differentiation between intra-and extradural tumours may be difficult because of the absence of a cord. Some tumours are found in association with congenital anomalies. Another tumour found in the lumbar region is an ependymoma of the corda equina. This may be recognized myelographically by the central filling defect of the thickened filum terminale.
Dr James McLelland (Edinburgh)

Radiotherapy
There has been close co-operation between the Departments of Radiotherapy and Surgical Neurology in Edinburgh for many years. Over these years a considerable experience has been built up in the management of tumours of the spinal canal and a fairly standard approach to their problems has been developed. Table I shows the cases admitted to the Department of Surgical Neurology during the ten-year period 1945 to 1954. About a third are benign tumours -neuromas and meningiomasamenable to surgical removal. These are among the most satisfactory cases to the neurosurgeon, as these severely disabled patients can usually be completely relieved with no fear of recurrence. The proportion of meningiomas in this series is unusually high but I can offer no explanation for this.
The remainder of the primary tumours can only in the rarest instances be removed completely and any hope of cure depends on their response to radiotherapy. The reticuloses and metastatic tumours can be offered no more than palliation by surgery, radiotherapy or both combined.
The relatively small number of metastatic tumours in the series is due I think, to two causes: (1) Too many patients with known neoplasm who develop paraplegia are seen late, when any hope of helping them has passed, and they are seen only briefly at home or in some other department. (2) In the Radiotherapy Department we hope that by keeping our own patients under observation we shall see them in the earliest stages of cord involvement or even before if root pain is a feature. The ultimate development of paraplegia is prevented by early treatment of disease in the spinal canal and the need for surgery avoided.
The' primary tumours not curable by surgery alone have been managed in a standard manner. After surgical treatmentdecompression and biopsy or, where possible, partial removalthey have come-for radiation after their wounds are soundly healed, usually about the twelfth to fourteenth post-operative day. Skin damage due to Elastoplast is avoided by the use of a binder or cellulose tape dressings. While having their radiotherapy they have continued with their rehabilitation, and as recovery is relatively slow and hospitalization often lengthy, the period of irradiation has not been a tedious part of their illness.
Full radical dosage of radiation has been given wherever possible. In almost all cases a single posterior field has been used giving a surface dose varying from 2,500 r to 3,500 r in four weeks with orthovoltage. The factors influencing dose level are field size and skin tolerance. With the tissue atrophy caused by orthovoltage, especially in the skin, the dosage to the skin in the lumbar and sacral regions should be lower than that given to the thoracic and cervical regions, for not only is tolerance lower but these regions are more exposed to damage in paraplegic patients. The likelihood of impaired sensation persisting is high, even if the patient does well, and a decubitus ulcer in an irradiated area is not easy to treat.
Thirteen of the patients with ependymomas and other gliomas had X-ray therapy. Only 1 patient was not treated because his tumour was considered benign and was completely removed. Ten were treated by localized fields to a dose of 3,500 r usually in three weeks, and three by wide-field treatment to the whole cord to a slightly lower dose. Since 1955, with the availability of supervoltage apparatus, the same general policy has been carried out. Localized treatment has been given to the less malignant tumours to a dosage of about 4,500 rads to maximum in four weeks giving about 4,000 rads to the tumour. Treatment of the whole cord has been carried out with a few, more malignant, tumours, the dosage being 3,500 rads in four weeks. The risk of skin damage is less and we have treated these patients with much less misgiving about the final outcome should the patient remain paraplegic.
Treatment of the other primary tumours has been largely guided by the size of field required and dose levels have varied considerably. The myelomas and other reticuloses have been given a surface dose of about 2,500 r in two weeks on orthovoltage and essentially the same on supervoltage apparatus.
Palliative treatment of metastatic tumours was usually confined to a single treatment of 1,000 r on orthovoltage, but with supervoltage a dose of 1,500 rads in a single treatment has become fairly standard.
The results of treatment are disappointing ( Table 2 ). The five-year survival rate of the 61 patients who received X-ray therapy is about 16% only, but many of the remainder were spared pain or total paraplegia for their period of survival. Among the ependymomas some of the more malignant cases have died with metastases, and the value of using wide-field treatment is demonstrated. Ependymomas are, however, not an outstandingly sensitive type of tumour and whether one should sacrifice dosage for gain in field size is always a problem. A 46% five-year survival rate is perhaps not too disappointing for patients with gliomas who had X-ray therapy.
The chordomas do not appear to respond to X-ray therapy, and I have no evidence of residual tumour diminishing in size following treatment. Whether recurrence is delayed is difficult to assess, as many are slow growing and cases of long survival without X-ray therapy are not uncom-.4 Section ofRadiology mon. In general the sacral tumours seem to grow more slowly than the rarer cervical ones.
The other primary tumours were a varied group consisting of sarcomas, chondromas, neuroblastomas spreading posteriorly into the spinal canal, a giant cell tumour, two primary meningeal melanomas and a dermoid. The five-year survivors were: the patient with the giant cell tumour, 1 with a melanoma which was only 2 5 cm in length and which was treated by a radon seed applicator, and the patient with the dermoid which was completely removed.
The myelomas have in some ways been the most satisfactory group. Cord compression is a relatively common first symptom of myeloma and the onset of paraplegia is often rapid. After decompression and radiotherapy recovery of cord function is often surprisingly complete, and 6 of the 9 patients were able to walk after treatment. Although only one survived five years the value of therapy is striking.
Of the patients with metastatic tumours shown in Table 2 , none has survived more than a few months. Twenty-three had X-ray therapy but only 15 of these were post-operative cases. Those not operated on were either too far advanced for surgery, or had only root irritation or very early cord compression. Seven who had decompressions either died before they could be considered for radiotherapy, or had tumours considered insensitive. Nine were too far advanced for any form of treatment to be undertaken.
The largest group of spinal tumours treated in any radiotherapy department are the metastatic tumours causing pain or early cord compression. The common method of presentation is for the patient to complain of pain, either backache or of root distribution. This may be extremely severe and relief is urgently required. The diagnosis is often readily confirmed by the finding of metastatic deposits on radiographs of the spine, but even without such confirmation the site of the pain and tenderness may be well localized and no other investigation is required before treatment can be given.
The response to treatment in these cases can be dramatic, pain being completely relieved within twenty-four hours. It usually, however, is longer before there is any relief and this may be delayed up to three weeks. If after that pain remains severe and the patient's condition is relatively good, the possibility of treatment by chordotomy or phenol injection must be considered, in preference to morphine.
Although backache and root pain are common, paraparesis is also a frequent finding. The stage at which the patient is seen influences the management but unless the symptoms are mild a consultation with the neurosurgery department is always desirable. The need for rapid relief of compression when bladder function is threatened is paramount, and when retention has developed decompression by surgery is so much more certain and rapid that it is essential. After complete retention for twentyfour hours the chance of recovery of bladder function is very low indeed and if this period has been exceeded the tendency is to rely on X-ray therapy alone, certainly in those patients in poor general health. If decompression is carried out a single treatment is almost always given after the wound has healed. Most of the patients fall into the early group and present with pain or mild paraparesis. In these circumstances treatment is usually successful, avoids the need for surgery and makes the patient ambulant and pain free.
Cases of X-ray damage affecting the spinal cord are fortunately relatively rare but they are none the less important. We have seen very few. Some cord syndromes which might have been thought to be due to radiation have been shown eventually to be due to metastases. Of the two cases I have seen personally and accepted as being due to Xray therapy neither has come to autopsy. One received a dose of about 4,500 r on 250 kV apparatus in two weeks over a very short length of cervical cord, during the treatment of a carcinoma of the mouth, and five years later developed a slowly progressive lesion and paraplegia eventually became complete. The level of the lesion coincided with the area treated to this dosage and there was no other obvious explanation. The other patient received a single treatment of 1,750 rads to maximum to a 12 cm length of dorsal cord for an intrathoracic tumour extending into the spinal canal. After decompression and radiotherapy she made a good recovery which lasted for about a year, but then her condition again deteriorated and she became totally paraplegic. There was no sign of tumour recurrence or of cord compression, and she died three months later due to complications of her paraplegia. X-ray damage to the cord in cases where the dose is not much higher than that commonly given is probably due to an impaired vascular supply. In cases of paraplegia, therefore, where a considerable length of cord is treated and where vascular changes have certainly taken place, the dose must not be too high. With supervoltage a dose of 4,500 rads in four weeks seems to be safe. Indeed, many cases of carcinoma of the head and neck have had a short length of cord included in the treated volume and doses of 6,000 rads in five weeks or 4,500 rads in two Weeks have been given, without as yet any obvious cord syndrome developing. In these cases I am sure the risk is so slight that if the distribution of the disease demands it the cord must be included in the fields without reducing the planned dose on that account.
The only case of undoubted malignant spinal neuroma that I, have seen occurred in a patient who had had X-ray therapy for ankylosing spondylitis several years previously. It proved rapidly fatal.
AMr J M Small (Birmingham)
Surgery
The intricate infolding of the neural tube from the ectoderm is a feature in the development of all nervous systems. The presence of a notochord is a fundamental fact in vertebrate development. Both these embryological activities are reflected in congenital tumours within the spinal canal. In the infolding of the neural tube its various parts close at different rates and the points of hesitancy in closure are in the lumbosacral area and the cervico-occipital region. It is at these very points that the commoner congenital tumours most frequently occur, lying either dorsal to the neuralstructures or, more rarely, within the cord. These are the dermoids and epidermoids, and they often show evidence of their existence in the skin or neural arches of the vertebra. The skin may show nevus formation and often a sinus leading down to the depths of the tumour. These are the postaxial congenital tumours, related directly to the neural crest closure. The extradural spinal cysts and the less common intradural spinal cysts are arachnoid cavities filled with cerebrospinal fluid under, pressure and causing compression, and these may have some connexion with this embryological formation. The pre-axial congenital tumours are more rare, and even more interesting. As the-notochord plunges forward in its growth from the sacral area to the basi-occiput this growing cell mass receives contributions from the entodermal cavity. The commonest tumours arising from these cells are the posterior mediastinal cysts and mesenteric cysts, and over 60 % of these cases have an associated vertebral body anomaly, as would be expected when the notochord development is disturbed. Within the spinal canal are found tumours lying anterior to the cord, which are entodermal in nature and usually cystic. I have seen examples of these from the level of the conus to the posterior fossa, containing varying types of lining from the midor fore-gut, according to their position, but I have seen no evidence that any of these tumours are teratomatous; they have fitted exactly with the embryological area of gut from which they have been derived. I believe they are true entodermal inclusions within the spinal canal.
The neural crest forms many structuresthe pigment cells of the skin, the posterior root ganglia, the Schwann cells, the arachnoid and the sympathetic nervous systemand there may be seen patterns of pathology which systematize certain histological findings. A tumour or tumours may occur together in a segment representing neurofibroma, meningioma and hwemangioblastoma and they may be associated in the same segment with a midline spinal nxvus, indicating some disturbance of neural crest closure. Neurofibromata occur mainly on the posterior nerve roots, as would be expected from the large contribution that the neural crest gives to these structures, and to intensify this principle the intracranial neurofibromata occur only on the nerves receiving a large contribution from the neural crest. Sometimes tumours which have been quite clearly of nerve root origin appear histologically to be meningiomas and may have within them areas that look like himangioblastomas. The treatment for this group of benign encapsulated tumours, which rarely undergo malignant deterioration, is surgical removal. There is a form of hiemangio--blastic meningioma which is an active tumour occurring in the cauda equina region and which spreads and wraps itself round the nerve roots in so forbidding a fashion as to make surgical removal impossible. It is fortunate that irradiation is so effective in the treatment of the hwmangioblasticmeningioma, and thisis the method of treatment once the diagnosis has been made by surgery.
Diagnosis is essentially by clinical examination and X-ray investigation, including myelography. The patterns given by these investigations make a pre-operative diagnosis, even to type of tumour, correct in a high percentage of cases. The neurological signs that develop from cord compression are not necessarily evidence of destruction but an impairment of physiological function due to varying degrees of ischaemia. Some of the signs, however, may be true intrinsic lesions from infarction, either venous or arterial, and these are permanent. The physical signs, both sensory and motor, of extrinsic cord compression usually begin peripherally in the feet and legs, gradually ascending towards the level of the tumour; whilst the intrinsic lesions commonly give a zone of neurological disability first of all at the level of the cord lesion.
Since Siccard introduced radiopaque myeiography in 1922 much knowledge has accrued regarding the patterns of myelographic deformity, but certain difficulties may occur with myelography in the presence of a complete block. Myodil inserted into a highly proteinous fluid may run with the greatest difficulty, and failure to appreciate this can occur; the value of descending myelography is then great. Sometimes the arachnoid is not completely canalized and diaphragms of arachnoid can cause obstruction, but once this is realized it is usually not confused with obstruction by tumour.
Tumours of bone intruding upon the spinal canal carry a very poor prognosis. They may be secondary deposits or local bone tumours. The secondary deposit may occur without the primary being apparent on the most careful investigation. The only local bone tumour in which consistently good results have been obtained is the osteoclastoma of the vertebral body treated by surgery and radiation. This condition may also cause collapse of the vertebral body, bringing about'a neurological disturbance at this stage with the added problem of mechanical support. Paget's disease causes compression of the cord with or without sarcomatous change. For the rest, they are largely myelomas and fibrosarcomas. The myeloma is interesting in that it can give rise to a neurological lesion without actually causing compression. This initially appears to be sharply confined, but later the neuropathy spreads widely.
The epidural space is the site of sinister disease; secondary deposits are common in this situation as is the reticulosarcoma. There are, however, some curious granulomas of pyogenic origin which can imitate secondary deposits in the epidural space and which are amenable to surgical treatment. Here again, unless the diagnosis of the lesion is quite clear, exploratory laminectomy is essential. As would be expected there are hiemangiolipomas within the spinal canal which may cause neurological signs from compression, and indeed may do this in a fluctuating manner, being increased during pregnancy. Their association with neural crest anomalies is common; the other principal neural crest tumours, the meningioma, neurofibroma and hwmangioblastoma, are also affected by hormones of pregnancy.
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Severe paraparesis can occur in such conditions as Hodgkin's disease when there is no compressive factor in the spinal canal. It seems that paravertebral glandular enlargement brings about some vascular disturbance of the cord recoverable when the glands are melted by irradiation.
Intrinsic tumours and cysts of the cord: The solid tumours, largely ependymomas and astrocytomas, expand within the cord and may spread into the subarachnoid space. This is seen in the ependymoma that probably arises in the filum terminale and gradually fills the lumbosacral theca with tumour, resembling wax poured into every possible crevice. As it bulges it causes considerable pedicle spreading and hollowing of the backs of the vertebral bodies. This condition is not amenable to surgery, but is improved by irradiation. The intrinsic tumours of the cord present a great problem, but the sufferers from this disease are helped by splitting the cord, removing the intrinsic tumour and letting the remains extrude from the cord itself. The cystic conditions in the cord are either xanthochromic contained cysts, which are due to cavitation in a glial tumour, or they contain pure cerebrospinal fluid as in hydromyelia or syringomyelia. The hydromyelia and syringomyelia are probably always associated with atresia of the fourth ventricle and inability to fill the fourth ventricle by air or Myodil; the tonsils are often descended below the margin of the foramen magnum, and with an intrinsic cord lesion, to which these other facts are added, a diagnosis of syringomyelia should be made. It is only by surgical exploration that the nature of interior cysts of the cord can be determined. Indiscriminate irradiation of apparent syringomyelia is of no value; the only occasion in which it is of value is when the cyst is neoplastic. The abolition of atresia of the fourth ventricle is the method of treatment for syringomyelia.
The angiomas of the cord are usually observable but not treatable by surgery although aneurysms in association with them may well be. There is a benign form of melanoma affecting the spinal cord probably arising in the pigment cells of the arachnoid, and there are a number of these patients alive and well following removal of these tumours many years ago, although there is no doubt that many of them have malignant propensities.
The result of surgical exploration of the spinal canal in the treatment of benign conditions is wonderful, and at its very worst gives the diagnosis. In the absence of undoubted proof of incurable disease, surgical exploration is essential.
